ABSTRACT Previous research using longitudinal data has found a positive and significant relationship between Food Stamp Program (FSP) participation and overweight in young girls and obesity in low-income women. This paper examined whether these relationships occurred simultaneously for members of the same family using longitudinal data on young (aged 4.5-11.5 y) girls and their mothers from the National Longitudinal Survey of Youth 1979. The results of ordinary least squares models that included detailed measures of individual, family, and environment characteristics and daughter or mother fixed effects indicated that all of the positive association between long-term FSP participation and overweight in daughters was accounted for by the association between long-term FSP participation and simultaneous overweight in daughters and obesity in mothers. Similarly, all of the positive association between longterm FSP participation and obesity in mothers was accounted for by the association between long-term FSP participation and simultaneous obesity in mothers and overweight in at least 1 young daughter. These results suggest that the relationship between long-term FSP participation and weight is a family phenomenon.
Previous research using longitudinal data has found a positive and significant relationship between Food Stamp Program (FSP) 4 participation and overweight in young girls and obesity in low-income women (1, 2) . This study used longitudinal data on young girls and their mothers from the National Longitudinal Survey of Youth 1979 (NLSY79) to examine whether these relationships occurred simultaneously for members of the same family. This question is of interest given the adverse health consequences of overweight and obesity in children and adults and the fact that households with children make up the majority of households participating in the FSP (3).
SUBJECTS AND METHODS
Sample. The initial wave of the NLSY79 was administered in 1979 to 6283 female and 6403 male subjects aged 14-22 y in 8770 households. Follow-up interviews were conducted annually until 1994 and biennially thereafter. The children born to the women in the NLSY79 sample were first surveyed in 1986. Surveys of these children have been conducted biennially since 1986, and children born after 1986 were added to the sample of children in subsequent survey years. With these data it was possible to link together detailed longitudinal information on a mother and her children.
Two samples were created from the NLSY79 mother-child data. The first included young daughters, and the second included their mothers. The samples included observations from the 1986 through the 2000 waves of the survey, although data from earlier survey years were used to create income history variables. An observation on a girl was included in the daughter sample in each survey year she was between the ages of 4.5 and 11.5 y and there was current information on her weight and height, mother's weight, family FSP participation, and income. This age range was selected because Gibson (1) found that long-term FSP participation was positively and significantly related to overweight in girls in this age range. The data on daughters were arranged as a panel so that there were multiple observations per daughter, and the unit of analysis was a daughter-year. The final daughter sample contained 8099 observations on 3594 daughters from 2520 families. The mean age of the daughter-year observations in the sample was 7.8 y with a standard deviation of 2.0 y.
An observation on a woman was included in the mother sample in each survey year where she had one or more daughters in the daughter sample. The resulting panel contained multiple observations per mother, and the unit of analysis was a mother-year. The final mother sample contained 6760 observations on 2520 mothers. The mean age of the mother-year observations in the sample was 32.4 y with a standard deviation of 4.3 y.
Conceptual framework. Conceptual models of the weight of individuals that have been used to motivate empirical analyses of the relationship between FSP participation and weight have assumed that an individual's weight is influenced by current and past FSP participation as well as other current and past individual, family, and environment characteristics. These characteristics are assumed to affect the individual's weight directly or indirectly through their influence on health behaviors related to weight or food insecurity (1, 2) .
For each survey year the weight status of daughters and mothers was categorized using a set of binary outcomes. The outcomes that were considered with the daughter data were daughter overweight, daughter overweight and mother not obese (''daughter-only overweight''), and daughter overweight and mother obese (''daughter-mother overweight''). This set of outcomes will be referred to as the ''daughter weight status'' outcomes. The outcomes that were considered with the mother data were mother obese, mother obese and no daughters in the daughter sample overweight (''mother-only obese''), and mother obese and at least one daughter in the daughter sample overweight (''motherdaughters obese''). This set of outcomes will be referred to as the ''mother weight status'' outcomes. The empirical models of weight status followed the conceptual models and controlled for current and past individual, family, and environment characteristics (more details are available elsewhere [1, 2] ) and did not control for food insecurity. However, the exclusion of food insecurity will be factored into the interpretation of the relationship between FSP participation and the weight status outcomes.
With these models the association between long-term FSP participation and the probability a daughter is overweight (the ''overall'' association) can be broken into the sum of 2 components, 1 accounting for the association between long-term FSP participation and daughteronly overweight and the other accounting for the association between long-term FSP participation and daughter-mother overweight (the ''simultaneous'' association). The fraction of the overall association accounted for by the simultaneous association provides an estimate of how much of the relationship between FSP participation and weight can be considered a family as opposed to an individual-only phenomenon. The association between long-term FSP participation and maternal obesity can be broken down in a similar fashion.
Dependent variables. A daughter's weight and height in a survey year were combined to calculate her body mass index (BMI, kg/m 2 ) in that survey year. A daughter was categorized as overweight in a survey year if her BMI was greater than or equal to the 95th percentile of sexand age-in-months-specific BMIs from the Centers for Disease Control in 2000 (4) . Daughter weight and height were mother-reported or measured with a scale and tape measure.
A mother's self-reported weight in a survey year was combined with her self-reported height information from 1985 (the most recent maternal height information available) to calculate her BMI in that survey year. A mother was categorized as obese in a survey year if her BMI was greater than or equal to 30 kg/m 2 (5). Independent variables. All of the empirical models of weight status included long-term FSP participation. This variable measured the percentage of time a family participated in the FSP over the previous 5 calendar years preceding the survey year (hereafter referred to as the ''previous 5 years''). The models also included a measure of long-term family resources other than long-term FSP participation. FSP eligibility income was defined as total family income excluding FSP benefits in the calendar year preceding the survey year. The FSP eligibility income-to-needs ratio for a survey year was calculated by dividing the FS eligibility income of a family by the poverty threshold appropriate for the family's size (6) . Long-term family resources other than long-term FSP participation was approximated with the mean of the family's FS eligibility income-to-needs ratios over the previous 5 years.
The models of daughter weight status included daughter fixed effects, and the models of mother weight status included mother fixed effects (see Cawley [7] for a detailed discussion of fixed effects models). Other control variables in the models of weight status were the number of children in the family, mother's marital status, mother's employment status, mother's highest grade completed, mother's pregnancy status, region and urbanicity of residence, an indicator for mother-reported daughter weight or height, and indicators for survey year. The models of daughter weight status also included daughter's age in months squared and mother's age in years squared. The models of mother weight status included mother's age in years squared, an
Statistical analysis. The sample of daughters was used to examine differences in the unweighted prevalence of the daughter weight status outcomes among FSP participation categories (using Pearson chisquared tests and P , 0.05) and to estimate ordinary least squares (OLS) models for each of the daughter weight status outcomes (models 1-3). The sample of mothers was used to examine differences in the unweighted prevalence of the mother weight status outcomes among FSP participation categories (using Pearson chi-squared tests and P , 0.05) and to estimate OLS models for each of the mother weight status outcomes (models 4-6). Statistical analyses were completed with STATA (8) .
RESULTS
The prevalence of the weight status outcomes differed significantly across FSP participation categories ( Table 1) . In comparison to nonparticipation in the FSP, current FSP participation was associated with a higher prevalence of all of the mother weight status outcomes, daughter overweight and daughter-mother overweight, but a lower prevalence of daughteronly overweight. These patterns were more pronounced across the long-term FSP participation categories.
In models 1-3, long-term FSP participation was positively and significantly related to daughter overweight and daughtermother overweight but was not significantly related to daughter-only overweight ( Table 2) . A family's participation in the FSP 100% of the time over the previous 5 years was associated with a 6.4 percentage point increase in the probability of daughter overweight (model 1), which is the sum of a 1.9 percentage point decrease in the probability of daughter-only overweight (model 2) and an 8.3 percentage point increase in the probability that a daughter was overweight and her mother was simultaneously obese (model 3). Long-term FSP participation was associated only with an increase in the likelihood that a daughter was overweight when it was also associated with an increase in the likelihood that her mother was obese.
In models 4-6, long-term FSP participation was positively and significantly related to maternal obesity and motherdaughters obesity but was not significantly related to motheronly obesity (Table 2) . A family's participation in the FSP 100% of the time over the previous 5 years was associated with a 6.0 percentage point increase in the probability of maternal obesity (model 4), which is the sum of a 3.5 percentage point decline in the probability of mother-only obesity (model 5) and a 9.5 percentage point increase in the probability that a mother is obese and 1 or more of her daughters is simultaneously overweight (model 6). Similar to the results for daughters, long-term FSP participation was associated only with an increase in the likelihood that a mother was obese when it was also associated with an increase in the likelihood that at least 1 of her daughters was overweight. The results of models 1-6 were robust to the alternative model specifications detailed in Gibson (1,2) (results not shown).
DISCUSSION
Information on a family's food security status was not available in the NLSY79. The omission of food insecurity introduces a potential source of bias in the estimation of the relationship between FSP participation and weight status, partly as a result of the possibility that food insecurity influenced both FSP participation and weight status (1,2,9 ). Previous research found that a family is more likely to participate in the FSP as the family's food insecurity increases (10). A,B,C ** Different from non-FSP participant, P , 0.05. 1 Every year that a daughter was included in the sample was a separate observation. Therefore, the number of observations, means, and percentages in the pooled sample refer to daughter-year observations.
2 Every year that a mother was included in the sample was a separate observation. Therefore, the number of observations, means, and percentages in the pooled sample refer to mother-year observations. 3 The percentage differs significantly (P , 0.05) from the value for participation in the FSP: A 0%, B .0% and ,50%, C $50% and ,100%, and D 100% of the time over the previous 5 y. 4 Total family income includes benefits from the Food Stamp Program, and the dollar values are $1998.
TABLE 2
Relationship between long-term FSP participation and daughter and mother weight status outcomes in OLS regression models using the NLSY79 Daughter Sample or the NLSY79 Mother Sample 2 Also included in the models were daughter fixed effects, mother's pregnancy status, mother's employment status, mother's highest grade completed, region and urbanicity of residence, indicator for mother-reported daughter weight or height, daughter's age in months squared, mother's age in years squared, and indicators for the survey year.
3 n ¼ 6760.
Previous research on food insecurity and weight has also found a positive relationship between mild food insecurity and overweight in women (11-13) and a negative or not significant relationship between food insecurity and overweight in children in a similar age range as the girls in the daughter sample (14, 15) . Given this previous research, if food insecurity alone were responsible for the relationships between long-term FSP participation and the weight status of daughters and mothers, long-term FSP participation would be expected to be positively related to weight outcomes involving maternal obesity but not daughter overweight. Because long-term FSP participation was not significantly related to mother-only obesity but was positively and significantly related to both daughter-mother overweight and mother-daughters obesity, this suggests that long-term FSP participation was not solely a proxy for food insecurity. However, the possibility still remains that the omission of food insecurity influenced the estimates of the relationships between long-term FSP participation and weight status and that the estimates of the relationship between longterm FSP participation and weight status were biased as a result of reverse causality or selection bias.
Any potential mechanism for the relationship between FSP participation and the weight of daughters and mothers will have to simultaneously influence daughter overweight and maternal obesity. Beyond genetic similarities, explanations for the positive correlation in weight between daughters and mothers include the positive correlation within families in nutrient intakes as well as activity levels (16, 17) . Previous research has not explored the relationship between FSP participation and activity levels, and estimates of the relationship between FSP participation and nutrient intakes have not been consistent across studies (18) . Additional research is needed that considers how the family food or activity environment changes with FSP participation.
The policy implications of these results depend primarily on the currently unknown mechanism for the relationship between FSP participation and the weight of daughters and mothers. However, regardless of the mechanism, the results in this paper provide further support for the use of the FSP as a vehicle for nutrition and health education programs that encourage healthy eating and weight reduction (1, 2) . The results further suggest that these programs should consider taking a family focus.
